There was also occasional epileptiform activity over the left more than the right hemisphere, especially over the temporal regions. His magnetic resonance imaging (MRI) was abnormal with multiple areas of symmetric non-enhancing increased T2 signal intensity with diffusion restriction. These areas involved the posterior thalami, extreme and external capsules, medial temporal lobes, hypothalamus, midbrain, pons, tail of the caudate nucleus ( Figure 1 ). Spinal MRI showed a focal area of increased T2 signal intensity, with no enhancement or expansion of the spinal cord located on the right side of the spinal cord at C6 and C7 region, and another area extending from mid T11 to mid T12 region that was associated with some expansion of the cord ( Figure 2) . A repeat brain MRI four days later, showed some improvement with residual abnormalities in the external and extreme capsule and claustrum bilaterally, hypothalamus, lateral pons, amygdala, and parts of the left frontal lobe. Diffusion weighted images demonstrated edema in these areas but no diffusion restriction, as was seen in the earlier MRI. A provisional diagnosis of ANE was made.
He was treated with a single infusion of intravenous immunoglobulins(Ig) (1g/kg) on the third day of his admission and was extubated two days later. The following day he had improvement in his level of consciousness and started talking. He was discharged home two weeks later. On follow-up two months later, he appeared attentive. His language was delayed for age. He could no longer make three-word sentences but could put two words together. His vocabulary was less than before. His lower limb examination revealed increased tone. There was no weakness or ataxia. Achilles tendons were tight bilaterally. He could walk only with support with a typical spastic diplegic gait. The rest of his exam including his upper limbs was normal.
A developmental assessment at 37 months-of-age revealed global developmental delay in the 18-21 month range. A repeat MRI three months after presentation showed almost complete resolution of all of the previous acute abnormalities, but there was atrophy in some of the previously affected areas (Figure 3 ).
One year later, he could make three-word sentences and his gait was only mildly abnormal with no spasticity. At the age of four years and eight months, he made four-word sentences, understood two-step commands, scribbled a circle, jumped, hopped, and climbed up and down the stairs with help. He ran awkwardly but without falling.
He presented again at the age of five years with a one day history of cough and fever followed by decreased level of consciousness. He did not have seizures. He was intubated and ventilated for nine days. He needed a gastrostomy tube due to swallowing difficulties. He received a three days course of methylprenisolone followed by a tapering dose of dexamethasone over a three weeks period. He was started on coenzyme Q10 and L-carnitine supplements. Repeat investigations including CBC, INR, APTT, electrolytes, calcium, glucose, liver function tests, cortisol, ACTH, TSH, T3, T4, vitamin B 12 , C3, C4, RF, pANCA, cANCA, IgG, IgM, proteinase 3 and myeloperoxidase antibodies, whole blood palmitate oxidation assay, acylcarnitine profile, CLN1 and CLN2 assays and toxicology screen were all unremarkable. Vitamin E was slightly low at 8 (12-21 µmol/L). The total serum carnitine was low at 20 µmol/L (normal 37-89 µmol/) and the free serum carnitine was low at 17 µmol/L (normal 28-69 µmol/L). MELAS, MERRF and NARP point mutation analysis was negative. CSF glucose, protein, cell count, lactic acid were normal. Influenza B was cultured from a nasopharyngeal aspirate. Endotracheal tube grew Morexella cataralis. Bacterial cultures, herpes simplex virus, polymerase chain reaction, and mycoplasma serology were negative. His repeat brain MRI showed new heterogeneous high T2 signal intensity with volume expansion involving the entire pons and midbrain and extending into cerebral peduncles and brachium bilaterally. There was evidence of extensive micro-hemorrhages in the pons. Restricted diffusion in the pons and lower midbrain was seen with heterogenous enhancement of the pons. There was bilateral high T2 signal intensity without hemorrhage in the region of the THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES external and the extreme capsules and posterior limbs of the internal capsule bilaterally. The thalami were normal. Magnetic resonance spectroscopy of the basal ganglia was normal.
A muscle biopsy for routine histology, modified GomoriTrichrome stain and other studies including immunohistochemistry and electron microscopy showed non-specific changes in glycogen content and scattered small fibers but no evidence of mitochondrial diseases. Respiratory chain enzyme analyses in muscle mitochondria revealed mildly reduced activity of all complexes but there was no evident deficiency of any specific complexes. A clinical diagnosis of recurrent ANE was made and mutation analysis of the RANBP2 gene (Molecular Genetics Laboratory, Cincinnati Children's Hospital) revealed that the child is heterozygous for a recently reported disease causing mutation, g.33868A>G substitution. 7 On follow-up three months later, his developmental milestones had regressed in all domains in comparison to his baseline at the last follow-up after the first episode. He was able to crawl and pull to stand but could not walk. He used a wheelchair. He attempted to scribble but had poor fine motor skills. He was non-verbal but could communicate with his mother using gestures such as head nodding for "yes" or "no". He was fed mostly through his gastrostomy tube. His extraocular movements were full horizontally and vertically. His smooth ocular pursuit was saccadic. He had right exotropia. Bilateral internuclear ophthalmoplegia was present affecting the left more than the right side. His ocular fundus examination was normal.
He had bilateral and mainly lower facial weakness. He had generalized hypertonia especially in the lower limbs and more on the left side. His power was reduced especially in the lower limbs. He could lift both his arms above his head. His right arm and hand strength was nearly normal. His reflexes were brisk and Babinski's sign was positive bilaterally.
DISCUSSION
Acute necrotizing encephalopathy as a distinct form of acute encephalopathy was described first by Mizuguchi et al. in 1995. 1 It was reported predominantly in East Asia, mainly Japan and Taiwan. 2 However, it has also been reported in non-Asian Caucasian patients outside these countries including North America in Caucasian and non-Caucasian patients. 3, 6, 7 Of the few cases reported in Canada, two were Canadian-born children of European ancestry. 6 In one Canadian report, ethnicity was not mentioned. 3 Our case expands the ethnic spectrum of this disease. Patients with ANE are usually previously healthy and younger than five years of age. They present with non-specific symptoms associated with fever in most cases, then their neurological status deteriorates abruptly and, in many cases, seizures develop. Our case is consistent with such a presentation; albeit, seizures did not occur. The differential diagnosis of ANE includes Leigh's syndrome, Wernickes encephalopathy, and Rye's syndrome. 2 The clinical course and the results of the investigations in our patient were not consistent with these disorders. 2 In ANE, laboratory investigations are nonspecific. Many patients have elevated serum aminotransferase. The CSF protein tends to be high but CSF cell count is normal. 1, 2 Neuroimaging in our patient was characteristic of ANE and led us to the diagnosis. However, we found additional spinal cord abnormalities on MRI, which has been described only recently. 7 Characteristic brain lesions in ANE can be seen relatively early in the course of the disease both on CT and MRI of the brain. The abnormalities are multiple and symmetrical. 1 They mainly involve the thalami, brain stem tegmentum, cerebral periventricular white matter and cerebellar medulla. 2, 8 During the acute phase, edematous lesions occur causing necrosis of the involved neurons and glial cells. 8 Hemorrhage and atrophy can occur. 4 The apparent diffusion coefficient (ADC) values on diffusion MRI is reported to be high in the center of lesions involving the thalamus or the deep cerebral white matter, suggesting necrosis. 8 The ADC values at the periphery of these lesions are low, which suggests cytotoxic edema involving neuroglial cells and possibly swelling of myelin. 8 In addition, very high ADC values have been reported in superficial lesions located outside the thalamus, for example the peripheral portions of the pontine tegmenta. This likely represent extravasations around the arteries and suggests vasogenic edema. 8 Several viruses have been isolated in patients with ANE. The most common is influenza A and B.
1, 3 We did not find any specific etiology in our patient during the first episode, but Influenza B might have been the trigger for the second episode.
Generally, ANE is considered a monophasic disease. However, recurrence has been reported. 7 Genetic factors have been recently implicated in the etiology of familial or recurrent ANE, referred to as ANE1 phenotype. 7 A heterozygous missense mutation in one of the genes encoding the nuclear pore protein Ran Binding Protein 2 (RANBP2) was identified. This mutation occurred in seventy five percent of the familial or recurrent cases while it was not found in those who had an isolated attack of ANE. The inheritance pattern is thought to be autosomal dominant with incomplete penetrance. 7 Our patient presentation is consistent with ANE1 phenotype where serum transaminases are not typically elevated and MRI shows involvement of additional structures including the external capsule, claustrum, medial temporal lobes, and spinal cord. 7 The management of ANE is mainly supportive with seizure control, ventilator support, and maintaining the hemodynamic status of the patient. Steroids, both as pulse therapy and as a single dose, and more recently intravenous immunoglobulins have been used. 5 Steroids used in the first 24 hours of the illness may be associated with better outcome if the lesions do not involve the brainstem. 5 There is no information available about the best treatment option in recurrent cases. Our patient recovered with mild-to-moderate residual disabilities following the first episode of ANE. However, severe developmental regression followed ANE recurrence. Prognosis in the earlier studies was poor with death or significant neurological sequelae in 65% of affected patients. 2 In the cases with recurrence, the outcome is variable, from complete recovery to residual motor and cognitive deficits.
